Polyhydroxyalkanoates (PHA) and α-amylase (-1,4 glucan-4-glucanohydrolase, E.C. 3.2.1.1) were coproduced by Bacillus sp. CFR-67 using unhydrolysed corn starch as a substrate. Bacterial growth and polymer production were enhanced with the supplementation of hydrolysates of wheat bran ( ) and PHA (5.9 g L -1 ). The polymer thus produced was a copolymer of polyhydroxybutyrate-co-hydroxyvalerate of 95:5 to 90:10 mol%.
INTRODUCTION
Polyhydroxyalkanoate (PHA), an intracellular carbon reserve of the bacterial cell has gained worldwide attention as biodegradable thermoplastic (16) . Various bacteria commonly produce polyhydroxybutyrate (PHB), however, this polymer is crystalline and brittle. The copolymer of poly(hydroxybutyrateco-hydroxyvalerate) [P(HB-co-HV)] and other copolymers have better mechanical properties and hence are useful for various applications (1) . Copolymer production depends on the carbon substrate provided for fermentation and the type of PHA-synthesis genes present in the bacterium. For sustained commercialization it is essential to explore economic substrates for bacterial growth and copolymer production (1) . With this in view, a few agro-industrial residues such as hydrolysed wheat bran, extruded rice bran, oil seed cakes and potato starch are employed as carbon substrates for the synthesis of bacterial PHA (13, 24, 37) . Polyhydroxyalkanoate and α-amylase by Bacillus sp.
Application of agro-industrial residues for bioprocesses, such as enzyme production is known to yield higher titers of the product. Invariably enzymes such as -amylase, -amylase, glucoamylase, proteases and lipases of microbial origin are produced using wheat bran, rice barn, oil seed cakes and other agro-residues as substrates in submerged or solid state fermentations and these enzymes have several applications in different industries (5, 26, 33, 34) . The α-amylase produced from bacteria has attained commercial significance and finds wide application in food, paper and textile industries. Most abundantly used bacterial amylase is derived from Bacillus spp. Combinations of groundnut oil seed cake and wheat bran have proved to be good substrates for the fermentative production of α-amylase by Bacillus amyloliquefaciens (7).
Various Bacillus spp. are known to produce PHA (6, 18, 31, 38) and they also produce -amylase extracellularly, which has several commercial applications (2, 12) . Present study is the first attempt to produce -amylase and PHA-copolymer simultaneously by Bacillus sp. using unhydrolysed corn starch as a carbon substrate and enzyme hydrolysed wheat bran and rice bran as enhancers of growth and metabolite production.
MATERIALS AND METHODS

Microorganism
The bacterial culture was isolated from soil sample, subjected to basic tests for preliminary identification (29) (19) were estimated in the hydrolysates. The enzymes used for hydrolysis were heat inactivated during media preparation.
Shake flask cultivation
The basal production medium for batch culture contained 
Biomass estimation
Fermented broth was centrifuged at 8000 rev min 
PHA estimation
The polymer was extracted from the cells, dried at 70 o C to a constant weight and estimated gravimetrically (16 Isolated polymer was subjected to methanolysis by heating at 100 o C for 140 min in the presence of sulfuric acid, methanol and chloroform to obtain methyl ester of PHA and the polymer was quantified by GC (3, 17, 31) . PHB and P(HB-co-HV) from
Sigma Aldrich, USA, were used as standards. Benzoic acid (Sigma, USA) was used as an internal standard.
Nuclear Magnetic Resonance (NMR) spectroscopy
Pure PHA (5 mg mL -1 ) was dissolved in 1 mL of CDCl 3
(deuterated chloroform) and subjected to 1 H NMR at 500 MHz on an AMX 500 (Bruker 500) spectrophotometer (18, 31) . 
Statistical analysis
Statistical analysis of the results obtained for the shake flask experiments was carried out using computer based Microsoft excel programme with nonbiased or n-1 method. . The degree of hydrolysis of the substrates was: starch, 85%; protein, 50-60% and fat about 45%. As shown in Table 1 , WBH or RBH, either individually or in combination gave significant increase in the biomass and PHA production, but the highest yields of biomass (10 bran hydrolysate as a carbon source for PHB production. In the present study, WBH and RBH that contained amino acids, fatty acids and carbohydrates were used along with unhydrolysed corn starch as nutrients for growth and copolymer production.
RESULTS AND DISCUSSION
Utilization of native carbon substrate has better advantage for commercial production of the polymer in reducing its cost of production. Co-production of PHA and -amylase by Bacillus sp.
Wheat bran is widely recognized as an optimal solid substrate rich in nutrients for fermentative production of enzymes such as -amylase (7). WBH and RBH used in the current study contained free amino acids or small peptides, which formed an excellent source of nitrogen for bacterial growth and cell protein production. In WBH/RBH medium containing ammonium acetate as additional nitrogen source Shamala, T.R. et al.
Polyhydroxyalkanoate and α-amylase by Bacillus sp. (Table 1) , low amylase activity was observed, which appeared sufficient for continuous hydrolysis of starch present in the medium leading to high biomass and PHA production. ). This finding on lowering of enzyme yield under excess nitrogen supplementation is in agreement with earlier reported work (10, 15, 27, 35) . Corn starch was used at 30 g L -1 , other parameters are as indicated in Table 1 . Polyhydroxyalkanoate and α-amylase by Bacillus sp. ), lacking ammonium acetate and supplemented with various concentrations of unhydrolysed corn starch. Cultivation details as given in Table 1 .
Properties of -amylase produced by Bacillus sp.
Liquefaction of starch is generally carried out at temperatures of 60-90°C, hence thermostable -amylase is of great significance (32) . In this study, -amylase produced by
Bacillus sp. CFR-67 showed retention of considerable enzyme activities from lower to higher temperature and at different pH (40-60°C; pH 4-9; Figure 5 ). At 80 o C, 60% loss in enzyme activity was noticed, when compared to its activity at 60 o C (8.7
U mL -1 min -1 , Figure 5A ). Optimum activity was observed at pH 8 and 60 o C (10 U mL -1 min -1 , Figure 5B ). According to Bacillus spp. are known to produce -amylase in solid substrate fermentation with agro-industrial by products such as wheat bran, coconut oil cake as substrates (2, 10) . In the present study, the enzyme was coproduced extracellularly in submerged fermentation along with intracellular accumulation of polyhydroxyalkanoate and both the products are of commercial interest. 
